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(Received for publication,  September  14,  1920.) 
The object of  this  paper  is  to  determine the  appearance  of  the 
reticular material of normal blood cells with a view' to preparing the 
way for further experimental studies, using it as an indicator of cell 
activity and cell injury.  The extensive literature on the subject of 
this material has already been reviewed in detail by Holmgren (1901- 
02), Benda (1914), Duesberg (1914),  and  Cajal  (1914).  Very little 
has been done on the blood. 
I  have used the bone marrow of guinea pigs, applying the osmic 
acid  method  of  Kopsch  (1902), 1  the  uranium  and  silver  nitrate 
method of Cajal  (1912), 2 and the methods of fixation recommended 
by Bensley (1910). s  At the same time, the observations have been 
controlled by the examination of unstained and supravitaUy stained 
living cells by direct and oblique illumination. 
Sinigaglia (1910) was apparently the farst  to discover a circumnuclear, net-like 
structure in the red blood cells  of young ampkibia,  and yon Berenberg-Gossler 
(1912) 4 has recorded a similar but eccentrically placed network in the blood cells 
of chick embryos.  FaSan~s  (1912), 5 with the aid of Cajal's silver and uranium 
nitrate method, has attempted to determine the changes which this network un- 
dergoes during the development of red blood cells.  He has found that with the 
appearance of hemoglobin it undergoes regressive changes, becoming condensed 
and  finally  disappearing  completely,  but  he  does  not  claim  that  there  is  any 
functional relation between its disappearance and the formation of hemoglobin. 
a Kopsch (1902),  p. 929. 
Cajal  (1912),  p. 211. 
3 Bensley (1910),  p.  192. 
4 yon Berenberg-Gossler (1912),  p. 62. 
b Fafian~.s  (1912),  p. 251. 
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Results  Obtained with Erythroblasts. 
Though I  have been unable to detect any trace of the existence of 
reticular material in living red blood cells, I  have produced a  black- 
ened  network in  the  cytoplasm of erythroblasts by the methods of 
Kopsch and Cajal.  Of the two methods the prolonged treatment with 
osmic acid,  as  advised by Kopsch, is in my opinion subject to  the 
least criticism because it is relatively simple and does not distort the 
cells or destroy the specific granulations.  Figs. 4 to 12 illustrate the 
irregularity and variability of the reticular material in erythroblasts. 
Like von Berenberg-Gossler,  I  find that it is usually eccentrically 
placed  and  rarely  if  ever  circumnuclear.  In  my preparations  it  is 
generally compact, varying, however, in size as well as in the coarse- 
ness of its meshes.  Frequently in neighboring cells no trace of it can 
be seen.  In the cells which show it there are usually some blackened 
granules of variable  size.  It almost seems as  though stages in the 
formation of the network can be distinguished through the alignment 
and confluence of these granules, or that the granules are produced 
through  the  disintegration  of  the  network.  As  the  erythroblasts 
develop,  the  reticular  material  becomes  smaller  in  amount  and 
finally  disappears  in  the  mature  erythrocytes.  It  is  impossible  to 
say how close is the parallelism between these changes and the forma- 
tion  of  hemoglobin,  because  my  preparations  do  not  permit  an 
accurate determination of the amount of hemoglobin. 
Cajal's method brings to light a similar network, but unfortunately 
the preservation of the cells is so poor that it is often difficult even to 
identify them.  Erythroblasts prepared by this method are shown in 
Figs. 14, 15, 18, and 20.  In spite of their larger size and greater com- 
plexity, these networks resemble closely those in the Kopsch prepara- 
tions described above.  Similar blackened granules are also to be seen 
which  perhaps  bear  the  same  relation  to the network.  Fig.  18 is 
suggestive in this connection because the blackened granules seem to be 
embedded in a more lightly colored material which forms the strands 
of the network. 
The  relation,  however,  between  this  blackened  reticular  material 
and  the  canalicular  apparatus which may  be  demonstrated  in  the 
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bichromate, as recommended by Bensley (1910), is not so clear.  It is 
true that this system of clear canals is usually eccentrically placed to 
one side of the nucleus (Figs. 22, 23, and 25), that clear droplets sug- 
gestive of the blackened granules may often be discerned near it, and 
that it disappears as differentiation goes on, so that no trace of it can 
be found in mature erythrocytes (Fig. 28); but, on the other hand, the 
clear canals are more sharply defined (Fig. 27) and are often of greater 
girth (Fig. 30).  They tend also to be more pointed and certainly look 
more  like  fixation  artifacts,  or better,  greatly  distorted  pictures  of 
some  actually  existing  material,  particularly  when  they  are  very 
pronounced as in Figs. 26, 31, and 36. 
Although  I  have  employed a  large variety of mixtures  and  their 
individual  ingredients  in  different  concentrations,  I  have  not  been 
successful in attempts to determine what factor or factors in fixation 
are responsible for the appearance  of these canals,  which cannot be 
seen  clearly in  the  living  cell.  It is  difficult,  if  not  impossible,  to 
alter  the  caliber  of  the  canals  experimentally.  Duesberg  (1920) e 
postulates the existence of two distinct kinds of canalicular  appara- 
tus  (trophospongium)  one  of  which  is  identical  with  the  reticular 
material  (apparatus  of  Golgi)  and  the  other  is  not,  He writes  as 
follows: 
"I came to the conclusion  ....  that two categories of cells should be distin- 
guished:  The neurones and non-nervous cells with a localized trophospongium 
on the one side, and the non-nervous cells with a diffuse trophospongium on the 
other.  As to the latter,  the identity of both formations can be rejected without 
further discussion; for, while the trophospongium extends all over the cytoplasm, 
the apparatus of Golgi is localized at one pole of the nucleus.  As to the former, 
both formations appear  to me identical." 
The expression "identical" is one which I  should hesitate to apply, 
as it cannot be interpreted  to mean anything less than similarity in 
all  respects.  Obviously,  the  blackened  apparatus  of  Golgi  is  not 
identical with a  system of clea.r canals brought to light by a  totally 
different method.  One is a silver deposit, the other a  portion of the 
cytoplasm  devoid  of  silver  which  can  only  be  stained  with  great 
difficulty.  If  we  refer  to  two  cells  even  of  the same category or 
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to  minute portions  of  them  as  being identical we  are  overlooking 
the  fact  that  living material  is  constantly  changing both  qualita- 
tively and quantitatively and that it is these changes which make life 
possible. 
According to  Duesberg's  theory there  are  two kinds  of  tropho- 
sponginm which are distinguished solely by the fact that the tropho- 
sponginm is either  localized  or  d~f~use.  There  are  no other differ- 
ential  characteristics.  'As  a  matter  of  fact,  all  the  other  known 
properties of the localized and diffuse trophospongium appear to be 
similar.  Duesberg  does  not  give  sufficient  consideration  to  the 
vagaries of technique.  It is conceivable that the diffuse canals called 
trophosponglum and  the localized apparatus of  Golgi,  though quite 
different in  appearance in  fixed tissues,  may  have  been  produced 
through the action of diametrically opposed  methods of  technique 
upon  somewhat  similar  material.  Within  the compass of a  single 
cell  whose  cytoplasm is  fluid  and  in  more or less constant motion 
spacial differences are not of very great moment.  A  comparison of 
Figs.  22,  23,  25,  26, and 30  shows the remarkable variations in the 
topography of the trophospongium  which may be seen in cells of the 
same type treated in the same way. 
Results  Obtained with  Leucocytes. 
Von Bergen (1904)/Kolster (1913),  and others have alluded to the 
occurrence of reticular material in granular  leucocytes.  Here, as in 
the case of the erythroblasts, the methods of Kopsch and Cajal reveal 
what cannot be seen by the most painstaking observation of living 
cells.  By the method of Kopsch a few scattered granules are blackened 
in  the  amphophils and  eosinophils  (Figs.  1  and  2),  while  nothing 
is brought to light in the basophils  (Fig.  3).  The lack of definite 
grouping on the part of these granules points to the conclusion that 
they may have  nothing to  do with the reticular material.  Fortu- 
nately,  Cajal's  method gives more definite results  (Figs.  13,  16,  17, 
19, and 21).  It will at once be remarked that the blackened networks 
are much smaller in proportion to the size of the cells than in erythro- 
blasts.  They are also more condensed, with closer meshes, and are 
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almost invariably situated in the concavity of the nucleus near the 
centrosome.  Blackened granules, like those in the erythroblasts, are 
not apparent in the amphophilic leucocytes shown in Figs. 13, 16, and 
17.  This may mean that all the material has been used up in the for- 
marion of the networks. 
Granular  leucocytes in preparations made by fixation in formalin 
and  potassium  bichromate  are  depicted  in  Figs.  24,  29,  and  32 
to 35.  In Fig. 24 the canals are shown in an amphophil.  They are 
much larger than the blackened reticular material and are  not re- 
stricted to the region of the nuclear concavity.  In Fig. 29 they are 
just as large and conspicuous as in certain  erythroblasts; i.e.,  Figs. 
26 and 30.  Other myelocytes and leucocytes fall to show any trace 
of the canalicular apparatus (Figs. 32 to 35).  Considerable variabil- 
ity is apparent even in adjacent cells in the same section. 
Results Obtained with Lymphocytes. 
I have not been successful in finding any trace of the presence of a 
reticular or canalicular apparatus in living cells  of the lymphocytic 
series.  In the Kopsch and Cajal preparations of the bone marrow it 
is only possible to distinguish the lymphoblasts from the erythroblasts 
through the absence of hemoglobin, and then not with certainty, the 
nuclear characteristics being indistinct.  I  have found, however, in 
common with other workers, that the lymphocytes inhabiting other 
tissues, such as the thyroid, show a very definite blackened network 
at one side of the nucleus when treated by Cajal's method.  In this 
respect they resemble closely the erythroblast illustrated in Fig. 10. 
DISCUSSION. 
There can be no doubt that  these observations indicate the exis- 
tence of some material in the cytoplasm of developing red blood cells, 
leucocytes, and lymphocytes which reacts in a more or less character- 
istic way to two quite different methods of technique.  Since inves- 
tigators have also found that a  large number of nerve ' cells,  gland 
cells, and epithelial cells, in fact almost all the active cells of the body, 
react in much the same way when treated by these methods, this 
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distributed  in  living  protoplasm,  and  of  fundamental  importance. 
This  material  tends  to  exhibit the following properties.  (1)  Under 
certain  conditions,  which  have  not  yet  been  fully  determined,  it 
may be blackened by treatment with osmic acid and silver nitrate. 
It may also be frequently stained with resorcin-fuchsin after fixation 
in trichloracetic acid.  Though I  have obtained satisfactory prepara- 
tions by this method in other tissues (brain, pancreas, etc.) the blood 
cells have thus far proved refractory.  (2)  The material is arranged 
in a  network of anastomosing strands, the form of which is to some 
extent  characteristic  of  different  cell  types.  (3)  This  network  is 
broken up on cell division and is  distributed in approximately equal 
amounts to  the two daughter cells.  It undergoes definite and pro- 
gressive  changes  during  cell  differentiation.  (4)  In  secretory cells 
with pronounced polarity, such as the acinus cells of the pancreas, it is 
invariably found in the region of the cytoplasm between the nucleus 
and the distal border.  When the material is distributed in the form 
of a circumnuclear network it usually occupies an intermediate posi- 
tion, leaving a zone of clear cytoplasm about the nucleus and beneath 
the cell wall.  (5)  It is often, though not always, found in close asso- 
ciation with the centrosome which is presumably a  center of unusu- 
ally high or low cytoplasmic activity. 
Following  the  discovery by  Golgi  of  reticular material  in  nerve 
cells,  claims were made, which have not  since been substantiated, 
that  this  material  is  composed  of  easily  recognizable  cytoplasmic 
constituents  like  the  mitochondria  and  the  chromidial  substance. 
Recent work, however, tends to show that it is a  constituent of the 
ground substance which in  living cells appears  to  be homogeneous 
when viewed with the best apochromafic lenses.  This homogeneity 
is,  of course, apparent,  not real, for true homogeneity would be in- 
compatible with chemical activity.  Suitable methods for the detec- 
tion of this  reticular material in living cells are at present lacking. 
We have no reason to suppose that the form of the reticular mate- 
rial in living protoplasm is very different from that seen in fixed prepa- 
rations.  It is  probable,  however,  that  in  the  living  condition  its 
outlines are less  distinct  and  that  it merges gradually into  the re- 
mainder of the cytoplasm.  With fi  afion a  certain amount of con- 
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occupy a rather larger area of the cytoplasm in the riving cell than in 
fixed preparations.  The phenomena of ameboid motion, phagocyto- 
sis,  and the freedom of motion of certain intracellular granules are 
incompatible with  the existence of a  rigid network within the cell. 
Moreover, M.  R.  Lewis and W. H. Lewis (1914-15)  have repeatedly 
studied cultures of living connective tissue cells, yet they have never 
recorded the presence of a  semisolid network of material,  although 
Deineka  (1912) 8 experienced no  difficulty in bringing a  network to 
light in connective tissue cells by his silver method.  It is interesting 
also to note that Chambers (1915) has actually dissected cells in which 
the existence of this network of material has been demonstrated by the 
methods of Kopsch and Cajal without remarking upon the occurrence 
of any kind of framework of resistant nature.  All the information 
at  hand suggests  that,  though the material is  restricted to  certain 
cytoplasmic areas, it is nevertheless of watery consistency, being even 
more fluid than the general ground substance, and is probably chang- 
ing its form continually as it plays its obscure part in the activities 
of the cell, for no two networks as seen in fixed preparations of blood 
cells, or any other kind of cell, are exactly alike. 
If this idea regarding the fluidity of the material is correct we must 
be dealing with a  system of intracellular spaces or canals as claimed 
by Bensley.  The walls of the canals appear  to be extremely thin. 
It has never been possible to stain them in fixed preparations.  In all 
probability  they are  merely surfaces  of  contact  between fluids  of 
different character.  Slight  changes in  the reticular material  or in 
the surrounding cytoplasm would certainly modify the visibility of 
the  surfaces.  It  seems  to  me  also  that  in  living  protoplasm  the 
reticular material may to some extent intermingle with the surround- 
ing cytoplasm instead of being sharply separated from it.  Since its 
refractive index is apparently the same as that of the cytoplasm it 
could not be expected to be visible in the living cell until  selective 
methods f6r  its  coloration have been devised.  Bensley (1911-12), 9 
however, has been able to observe a  system of clear canals in  islet 
ceils  of  the  pancreas  stained  supravitally  with  neutral  red.  The 
canals show up as clear spaces in a cytoplasm otherwise crowded with 
8 Deineka (1912),  pp. 303, 306. 
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granules.  On one occasion I observed a similar phenomenon in nerve 
cells (1912-13) 1° but all my efforts to discern this reticular material 
in blood cells and in other cells of the body have thus far been unavail- 
ing.  In both these cases some time elapsed between the removal of 
the  cells  from the  animal  and  the detection of  the  canals.  Their 
appearance may,  therefore, be  due,  as  already intimated,  to  some 
change in the reticular material or in the cytoplasm, or in both.  The 
fluidity and lability of the material would make it particularly sus- 
ceptible to the change in environment. 
Though the question of terminology is a minor one the least criti- 
cism  will be  caused  if  this  peculiar  substance,  or mixture of  sub- 
stances, is called  reticular  material,  instead  of  reticular  apparatus, 
until  more  definite information  is  obtained  about  it.  The  idea 
of a  distinct  system of canals is not  sustained,  and speaking of it 
as a cell organ suggests that it is a more or less complex unit built up 
of specialized components each with a definite function, like the con- 
stituent tissues of the bodily organs, in favor of which there is as yet 
insufficient evidence.  Study from the standpoint of microchemistry 
would throw further light on this subject. 
The wide distribution of this reticular material in the three cate- 
gories of blood cells as well as in active cells of almost all kinds, and 
the reasonableness of Bensley's (1910) 11 hypothesis that the canalicu- 
lar apparatus is  "the  physiologic and morphologic equivalent of the 
vacuolar system of the plant cell,"  make it  apparent that  this is a 
cytoplasmic constituent of great importance. 
SUMMARY. 
Erythroblasts, leucocytes, and lymphocytes resemble other cells of 
the body in containing a restricted area of fluidity in their cytoplasm. 
In special preparations this  fluid  appears  in the  form of a  more or 
less complicated reticulum which seems to be continually but slowly 
changing in shape.  For convenience the fluid may provisionally be 
referred to as reticular material, emphasis being laid on its composi- 
tion  rather  than  its  form.  As  a  working hypothesis  it is  safe to 
I0 Cowdry (1912-13), p. 490. 
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assume  that  the  chemical  and  physical  properties  of  this material 
vary  in  cells  of  different kinds as well as in different stages in the 
activity of  the  same  cell.  The conclusion that it  is "identical" in 
different  cells,  because  the  present  crude  methods  of  technique 
reveal  no  fundamental  differences,  would  be  as  incorrect  as  the 
statement  that  the  serum  of different animals  is identical, because 
no difference is observed on microscopic examination. 
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EXPLANATION OF PLATE 1. 
All the figures have been drawn with a Zeiss objective  1.5 mm., compensating 
ocular 8, and camera lucida.  Magnification,  ×  2,200. 
FIGS. 1 to 12.  Cells from the bone marrow of an adult male guinea pig fixed in 
2 per cent osmic acid for 15 days for the demonstration of the reticular apparatus 
after the method of Kopsch. 
FIGS. 13 to 21.  Cells from the bone marrow of a male guinea pig of 240 gin. 
prepared by the Uranium nitrate method of Cajal with slight  modifications. 
FIGs. 22 to 36.  Cells from the bone marrow of the same guinea  pig fixed in 
Kopsch's formalin-bichromate  mixture  and  stained  with  fuchsin  and  methyl 
green. 
Fro.  1.  Amphophil leucocyte without any trace of a  blackened  network.  A 
few granules are present which are blackened with osmic acid;  the others are of 
a  dull gray tone. 
FIG. 2.  Eosinophil  leucocyte with no indication  of a  blackened  network.  It 
contains a series of smaller granules which are intensely blackened and other larger 
spherical ones of a gray color. 
FIG. 3.  Basophil leucocyte without either  network or blackened  granules. 
FIG. 4.  Large  erythroblast  with  blackened  granules  exhibiting  a  tendency 
toward network formation. 
FIG. 5.  Erythroblast with a  rather more definite  network at one  side of the 
nucleus. 
FIG. 6.  Erythroblast  containing  only  three  spherical  blackened  granules  of 
variable size. 
FIG. 7.  Erythroblast with granules of more irregular  shape. 
FIG. 8.  Erythroblast with apparently clear cytoplasm. 
FIG. 9.  Erythroblast with an almost completely  blackened  network,  the indi- 
vidual strands of which  may be followed by careful  focusing.  The cytoplasm 
contains also some blackened granules. 
FIG.  I0. Erythroblast with a  blackened  network of much closer mesh.  No 
blackened granules are to be seen in the cytoplasm, 
FIG. 1  I. Erythroblast with a large open network and cytoplasmic granules. EDMUND V.  COWDRY  ll 
FIo. 12.  Erythroblast with  a  blackened  network of  which  the  strands  are 
noticeably more slender. 
FIo. 13.  Polymorphonuclear amphophil'leucocyte with several large blackened 
granules in the concavity of the nucleus in the region where the centrosome is 
located. 
FIO. 14.  Large erythroblast with a complete network at one pole of the nucleus. 
FIG. 15.  Large erythroblast with an extensive and very intricate network and 
some cytoplasmic granulation. 
FrG. 16.  Polymorphonuclear amphophil leucocyte with a very simple network 
in the concavity of the nucleus. 
FIG.  17.  Polymorphonuclear amphophil leucocyte with slightly more compli- 
cated network in the same location. 
FIG. 18.  Large cell, possibly an erythroblast, showing the formation of a net- 
work by the alignment of discrete granules. 
Fro.  19.  Amphophil  myelocyte with network formation in  the nuclear con- 
cavity. 
FIG. 20.  Erythroblast with very circumscribed, closely meshed network. 
FIG. 21.  Coarsely granular leucocyte, probably eosinophilic,  showing  likewise 
network formation in the concavity of the nucleus. 
FrG. 22.  Erythroblast containing three irregular clear spaces (negative demon- 
stration). 
FIG. 23.  Erythroblast with the clear canals forming a complicated coil. 
FIG. 24.  Amphophil  polymorphonuclear leucocyte  with  clear  canals  in  the 
peripheral cytoplasm as well as in the concavity of the nucleus. 
FIG. 25.  Erythroblast with clear canals and vacuoles distributed  daroughout 
the entire cytoplasmic area. 
FIG. 26.  Large cell,  probably also an erythroblast,  showing  the  extreme of 
canalicular and vacuolar formation as well  as some crenation.  The canals  and 
vacuoles are of large caliber. 
FxG. 27.  Erythroblast containing clear canals of very fine diameter. 
FIG. 28.  Erythrocyte devoid of any trace of canalicular formation. 
FIG. 29.  Large myelocyte containing a very complicated system of clear canals. 
FIG. 30.  Erythroblast with canals of maximum caliber.  The forked ones  are 
especially characteristic. 
FIG. 31.  Erythroblast containlng a peculiar clear circle. 
FIG.  32.  Basophil  polymorphonuclear  leucocyte  without  any  indication  of 
canalicular formation. 
FIG. 33.  Basophil myelocyte likewise without visible canalicular apparatus. 
FIG. 34.  Eosinophil leucocyte in the same condition. 
FIG. 35.  Eosinophil myelocyte without any sign of canalicular apparatus. 
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(Cowdry:  Developing  blood cells.) 